Abstract: This paper uses the vector error correction model (VECM) and Granger causality tests to investigate short and long-run relationships between per capita carbon dioxide (CO 2 ) emissions, real gross domestic product (GDP), renewable and non-renewable energy consumption, trade openness ratio and agricultural value added (AVA) in Tunisia spanning the period 1980-2011. The Johansen-Juselius test shows that all our considered variables are cointegrated. Short-run Granger causality tests reveal the existence of bidirectional causalities between AVA and CO 2 emissions, and between AVA and trade; unidirectional causalities running from non-renewable energy and output to AVA and to renewable energy, and from CO 2 emissions to renewable energy. Interestingly, there are long-run bidirectional causalities between all considered variables. Our long-run parameters estimates show that non-renewable energy, trade and AVA increase CO 2 emissions, whereas renewable energy reduces CO 2 emissions. In addition, the inverted U-shaped environmental Kuznets curve (EKC) hypothesis is not supported. Our policy recommendations are to increase international economic exchanges because this gives new opportunities to the agricultural sector to develop and to benefit from renewable energy technology transfer. Subsidizing renewable energy use in the agricultural sector enables it to become more competitive on the international markets while polluting less and contributing to combat global warming.
Introduction
The agricultural sector occupies an important place in the Tunisian economy because authorities consider that this sector could guarantee food safety and constitutes the main economic activity in many regions. The agricultural sector generates over 12% of gross domestic product (GDP) and actively contributes to job creation and to the balance of payments through exports, particularly olive and dates exports. This sector employs 16% of the total active labor force, food exports contribute 11% in goods exports, and the agricultural investments represent 10% of investments in the overall economy (Agence de Promotion des Investissements Agricoles, 2015) . The area of agricultural land is estimated at 10 million hectares. The structure of agricultural production is dominated by farming, followed by tree crops (olives, dates, citrus fruits), market gardening and cereals. Tunisian agriculture has certain important advantages: a favorable climate and varied vegetation, an appreciable land and hydraulics potential, a coastline of 1300 km, and an important human potential. As part of the agreement signed between Tunisia and the European Union (EU) in 1995, the agreement signed in December 2000 provides facilities to access the European market for Tunisian agricultural products fresh or processed such as fresh vegetables, processed vegetables, fresh fruits, dried fruits, processed fruits, seafood, olive oil, and cut flowers.
In 2010, the agricultural sector accounts for 6% of the total energy consumed in Tunisia (Gestore dei Servizi Energetici-GSE S.p.A, 2013). Since, fossil energy sources cause environmental pollution and harm the fields used for agricultural activities, the use of renewable energy resources, such as solar, biomass, wind, geothermal and hydropower for agricultural activities can afford lots of economic, social and environmental advantages to the farmers. Bayrakcı and Kocar (2012) investigate the utility of renewable energies for agricultural activities. The use of the main renewable energy sources in agricultural activities are the following: i) solar energy applications in agriculture are greenhouse heating and cooling, lighting, product drying, and farm field irrigation; ii) modern biofuels like bioethanol and biogas can be used in agricultural activities. In addition, various agricultural residues, such as grain dust, wheat straw and hazelnut shells are sources of biomass energy; iii) agriculture and the food processing industry are promising fields for the use of geothermal energy, since there are many technologies which need more or less concentrated heat energy sources. Geothermal energy can be used in aquaculture, in barns, in soil improvement, in greenhouse, to heat the soil in open fields, and to dry agricultural products; iv) wind turbines have been used for many centuries by a number of cultures for watering livestock, land drainage and irrigation. Wind energy is mostly used to generate electricity, irrigate fields and grind some of the crops; v) there are lots of ways to use hydropower: water-wheels, the gained hydroelectricity energy from barrages, kinetic energies from rivers and barrages, tide power, the power of waves in open seas and oceans, the osmotic power gained by the flow rate between lakes and oceans. Hydropower often supports essential water services in agriculture such as irrigation, flood control and drinking water supplies, and facilitates the equitable sharing of a common vital resource.
Tunisia has gained practical experience in recent years in the field of using renewable energy for agricultural purposes. The use of photovoltaic systems in Tunisia was exclusively reserved for long years to isolated sites in the rural areas to provide electricity to homes or agricultural activities including water pumping. In Tunisia, anaerobic digestion has always attracted the attention of end consumers of energy, especially those active in agriculture or agribusiness. Incentives for the development of the production of bio-methane, including the national fund for the mastery of energy (fonds national pour la maitrise de l'énergie, FNME) grants were established to help project developers to tap this resource (Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH, 2013). The wood used in traditional ovens comes mainly from waste of regional agriculture (olive, palm ...) or forests.
Launched in 2009, the results of regional surveys on a sample of 103 farms and a study on "the development of energy efficiency in the agriculture and fisheries sector" (Agence Nationale pour la Maitrise de l'Energie, 2014) resulted in a first phase: i) to assess the energy consumption of the agriculture and fisheries in Tunisia reaching 385 ktoe in 2008 and a growth of about 7.7% annually since the 80s; ii) to highlight the intensive use of agricultural machinery and the evolution number of irrigation pumps. The average cost of energy accounted for about 14% of the production cost per hectare for rainfed crops; iii) to estimate the energy saving potential due to the production of biomass, biogas and biofuels in Tunisia to about 82 ktoe per year in agriculture (28% of the annual energy consumption) and about 32 ktoe relating to fisheries and aquaculture (nearly a third of the energy consumption).
Many projects related to the use of renewable energies in the agriculture sector have been realized so far. In the field of pumping of water by solar PV, a pilot project to supply drinking water to pasture has been realized. This project involved the establishment of 86 operating systems, with a total capacity of 224 kilowatts distributed among the governorates in the center and south of the country. The use of geothermal energy has created, in the south of the country, 380 hectares of greenhouse crops for the production of early vegetables The main objective of this paper is to study the causal relationships between agriculture and renewable energy. Though there are analytical studies dealing with agriculture and renewable energy (Bayrakcı and Kocar 2012, Mosher and Corscadden 2012) , to the best of our knowledge, this paper is the first econometric study dealing with renewable energy and agriculture. The short and long-run dynamic causalities between per capita CO 2 emissions, economic growth, renewable and non-renewable energy consumption, trade openness and the agriculture value added (AVA) for the case of Tunisia is the subject of our study. In addition, we will evaluate the long-run elasticities of our considered variables on CO 2 emissions.
The remainder of the paper is organized as follows: Section 2 is a literature review. Section 3 deals with data, empirical methodology, and results. Section 4 concludes with policy recommendations.
Literature review
There are many empirical studies interested by the causal relationships between energy consumption (renewable and/or non-renewable) and economic growth with some of them have included other variables such as pollution emission or international trade (Ajmi et al., 2013; Al-mulali, et al., 2014; Ang, 2007; Apergis and Ozturk, 2015; Apergis and Payne, 2010a , 2010b Arouri et al., 2012; Belloumi, 2009; Ben Youssef, 2015a, 2015b; Ben Jebli et al., 2015; Chebbi et al., 2011; Chouaibi and Abdessalem, 2011; Fallahi, 2011; Fodha and Zaghdoud, 2010; Halicioglu, 2009; Ozturk and Acaravci, 2010; Ozcan, 2013; Sadorsky, 2009a Sadorsky, , b, 2011 Sadorsky, , 2012 Shahbaz et al., 2013 Shahbaz et al., , 2014 Tugcu et al., 2012) . Al-Mulali et al. (2014) study the effect of renewable and non-renewable electricity consumption on output for 18 Latin American countries. They show the existence of long-run bidirectional causality between output, renewable and non-renewable electricity consumption, capital, labor and trade. They also find that renewable electricity is more significant than non-renewable electricity in promoting economic growth in both the short and long-run for this considered panel of countries. Chebbi et al. (2011) examine the causality between the trade openness ratio, per capita GDP and per capita CO 2 emissions for Tunisia. They show the existence of long-run bidirectional causality between the three considered variables, and a short-run unidirectional causality running from the trade openness ratio to CO 2 emissions. Their results suggest that the direct effect of trade on emissions is positive in both the short and long-run. However, the indirect effect is negative at least in the long-run, and the overall effect is positive in both the short and long run. Sadorsky (2011) uses panel cointegration techniques to study how trade can affect energy consumption by considering a panel of 8 Middle East countries. He finds a unidirectional causality running from exports to energy consumption and a bidirectional causality between imports and energy, in the short-run. In the long-run, he highlights that an increase in both exports and imports affect the demand of energy. Apergis and Ozturk (2015) study the EKC hypothesis for a panel of 14 Asian countries by using the GMM methodology. The multivariate framework includes CO 2 emissions, GDP, population density, land, industry shares in GDP, and four indicators measuring institutions' quality. Their findings confirm the inverted U-shaped EKC hypothesis. Apergis and Payne (2010a) study the causal relationships between renewable energy consumption, output, capital and labor by considering a panel of twenty OECD countries. Their Granger causality tests reveal the existence of short and long-run bidirectional causalities between renewable energy consumption and output. Ben Jebli and Ben Youssef (2015a) show the existence of short-run unidirectional causality running from trade (exports or imports), output, CO 2 emission and nonrenewable energy consumption to renewable energy consumption for Tunisia. In the long-run, the inverted U-shaped EKC hypothesis is not verified graphically and analytically. Halicioglu (2009) examines the causal relationships between CO 2 emissions, energy consumption, GDP, and the trade openness ratio for the case of Turkey during. Granger causality tests show the existence of short and long-run bidirectional causality between GDP and emissions, and shortrun bidirectional causality between energy consumption and emissions. The inverted Ushaped EKC hypothesis is verified for Turkey in the long-run. energy consumption. Karkacier et al. (2006) investigate the impacts of energy use on agricultural productivity in Turkey. They show the existence of a strong relationship between energy use and agricultural productivity. In addition, increasing energy use, increases agricultural productivity. These authors recommend that politicians should support the use of energy in the agricultural sector and propose as a support a per hectare fuel subsidy. Turkful and Unakitan (2011) estimate the relationship of per capita agricultural energy consumption (diesel, electricity), agricultural GDP, and energy prices using cointegration and error correction model (ECM) analysis for the case of Turkey. They show the existence of a unidirectional causality running from diesel and electricity consumption to agricultural GDP.
In the long-run, increasing agricultural GDP, increases the consumption of diesel and electricity. Finally, these authors recommend that support for energy use in Turkish agriculture should be continued in the objective of increasing international market competitiveness, and balance the income of farmers. Mushtaq et al. (2007) study the causal relationship between per capita agricultural energy consumption (oil, electricity, gaz), real agricultural GDP and energy prices in Pakistan. They show a unidirectional causal relationship running from agricultural GDP to oil consumption, and from electricity consumption to agricultural GDP. They recommend for governments to improve the infrastructure and to subsidize rural and agricultural electricity in order to significantly enhance agricultural GDP. Sebri and Abid (2012) investigate the causal relationships between agricultural value added, energy consumption (oil, electricity), and the trade openness ratio in Tunisia. Granger results show the existence of short and long-run unidirectional causality running from the total energy consumed and from the oil energy consumed to AVA. There is also a long-run unidirectional causality running from AVA to oil consumption. Thus, energy can be considered as a limiting factor to AVA and, therefore, shocks to energy supply should be handled carefully.
Data, empirical methodology and results
Annual data base on Tunisia spanning the period 1980-2011 are collected and concern time series of per capita carbon dioxide emissions (e) measured in metric tons, per capita real 
Where t=1980,…, 2011 denotes the time, 0 α is a constant, i α (i=1,…,6) present the long-run estimated parameters corresponding to each independent variable, and t ε is the residual term.
Our empirical investigation follows the classical four steps beginning by stationary tests, cointegrations tests, long-run parameters estimates, and Granger causality tests.
Stationary tests
We start the analysis by testing the order of integration of each variable using three kinds of unit root tests. These tests are: augmented Dickey and Fuller (1979) (ADF test), Phillips and Perron (1988) (P-P test) and Zivot and Andrews (1992) . The Akaike information criterion (AIC) is selected to detect the number of lag length in the ADF test, while in the P-P test we use the Newey-West Bartlett kernel to select the bandwidth. From the traditional integration tests, the null hypothesis argues that the series is non-stationary, while the alternative hypothesis suggests that the series is stationary. The integration order of analysis time series is tested for the case of intercept and deterministic trend.
It's known that the stationary proprieties of the Zivot-Andrews unit root tests are more powerful than the traditional tests (DF-GLS, ADF, P-P tests, for example) because these later do not give information about structural break points in series and provide biased and spurious results (Baum, 2004) . Moreover, detecting possible structural break points in time series leads to better economic understanding. The null hypothesis of a unit root with breaks argues that the variable is non-stationary, while the alternative hypothesis specifies that the variable is stationary with one-time break point.
Insert Table 1 here
The results from the ADF and P-P unit root tests reveal that, at level, all variables are nonstationary, while they become stationary after first difference at the 1% significance level.
Thus, all our variables are integrated of order one (I(1)). According to the Zivot-Andrews test with structural breaks, all series are non-stationary at level, while they become stationary after first difference.
Cointegration tests
We examine the existence of long-run cointegration among variables by using Johansen and Juselius (1990) cointegration test. The utility of this test is related to the determination of the number of cointegrated equations, and is based on the trace statistic. By minimizing the computed value of the Akaike information criterion (AIC), we determine the maximum number of lag length for cointegration test. The cointegrated long-run equation is established for CO 2 emissions dependent variable by using the vector error correction model.
Insert Table 2 here
In Table 2 , the Akaike information criterion (AIC), the Schwarz information criterion (SIC) and the Hannan-Quinn (HQ) information criterion mention that the lag length should be equal to one. In addition, the computed Johansen-Juselius cointegration tests indicate that the long-run relationship is established between all our considered variables. 
Long-run parameter estimates
(0.000)*** (0.000)*** (0.000)*** (0.000)*** (0.000)*** (0.000)*** (0.000)***
The long-run estimated coefficients are found to be significant at the 1% level. Trade openness seems to contribute to global warming as it increases CO 2 emissions.
Indeed, more trade openness means more exports and/or imports share of GDP necessitating increased fossil energy to produce, to transport to or from ports, and to consume these traded goods, implying an increase in carbon emissions. This result is similar to that of Chebbi et al. (2011) and Shahbaz et al. (2014) . The long-run elasticity of agricultural value added is positive meaning that increasing agricultural production increases CO 2 emissions. This is due to the fact that the agricultural production still uses intensively fossil energy. This also means that, in Tunisia, increasing per capita AVA is not accompanied by an important increase in the energy efficiency or by an important increase in the use of renewable energy in place of fossil energy.
Granger causality
The dynamic short and long-run causal links between our considered variables are investigated by applying the Engle and Granger (1987) 
Where ∆ denotes the first difference operator, q indicates the number of lag length for VAR model; , , i i β θ and it µ (i=1,…,7) are the constant vector, the vector of estimated coefficients of the lagged ect, and the vector of residual terms, respectively; 1 t ect − is the lagged residual term or error correction term which is estimated from the long-run equation.
The significance of the lagged residual term is examined using t-statistic to test the existence of long-run relationship between variables. The pairwise Granger causality tests are used to check for the significance of the short-run association among series which is based on the Fstatistics. For example, CO 2 emissions may Granger-causes renewable energy consumption ( 41 p δ for all p) and renewable energy consumption may Granger-causes CO 2 emissions ( 14 p δ for all p).
Insert Table 3 here
The results of our Granger causality tests are reported in Table 3 . It shows that there are short-run bidirectional causalities between AVA and CO 2 emissions, and between AVA and trade openness. This implies that any change in agricultural production has an immediate impact on CO 2 emissions because agriculture uses intensively fossil energy. In addition, any change in agricultural production has an immediate impact on the trade openness ratio because agricultural products represent an important share of the exported and imported goods in Tunisia. On the other hand, more trade openness gives more possibilities for exporting and importing agricultural products, which has an impact on agricultural production. This result is different from that found by Sebri and Abid (2012) as they show the absence of short-run causality between AVA and trade openness ratio for Tunisia.
There are also short-run unidirectional causalities running from output and non-renewable energy consumption to AVA. The first causality means that agricultural production depends on other economic sectors in Tunisia like the non-manufacturing sector. This goes in line with the finding of Chebbi (2010) who shows the existence of a short-run unidirectional causality running from the non-manufacturing sector to agricultural GDP in Tunisia. The second causality means that any change in the non-renewable energy consumption, in particular in fossil energy consumption, has an immediate impact on agricultural production. Thus, Tunisian authorities should take seriously into account the immediate impact on agriculture of any policy decided to reduce fossil energy consumption for environmental concerns (reduction of CO 2 emissions) or for reducing the importing bills of fossil energy. This result is similar to that of Turkekul and Unakıtan (2011) showing the existence of a unidirectional causality running from agricultural diesel consumption and from agricultural electricity consumption to agricultural GDP. There are also short-run unidirectional causalities running from output, non-renewable energy consumption, and CO 2 emissions to renewable energy consumption. These results are similar to those found by Ben Jebli and Ben Youssef (2015a).
In the long-run, the error correction terms are negative, comprised between -1 and 0, and statistically significant for all dependent variables indicating the existence of long-run bidirectional relationships between all our considered variables. The existence of a long-run bidirectional causality between agricultural value added and renewable energy consumption is a very interesting result because this is the first study focusing on the causal relationships between these two variables. This result means that, in the long-run, any increase in renewable energy consumption can contribute to increase agricultural production, and any increase in this latter, can stimulate renewable energy production and consumption. Our results show the existence of short and long-run bidirectional causality between AVA and trade openness indicating a strong causal relationship. Thus, any variation in agricultural value added has an impact on the trade openness ratio because agricultural production represents an important share of the exported and imported goods in Tunisia. Moreover, increasing trade openness gives more opportunities for exporting and importing agricultural goods, which has an impact on agricultural value added.
Conclusion and Policy Implications
We also have short and long-run bidirectional causality between agricultural value added and CO 2 emissions indicative of a strong causal relationship. Therefore, any change in AVA has an impact on carbon dioxide emissions because the agriculture sector still uses intensively fossil energy in Tunisia.
All our error correction terms are negative, between -1 and 0, and statistically significant meaning the existence of long-run bidirectional causalities between all our considered variables. In particular, there is long-run bidirectional causality between agricultural value added and renewable energy consumption. Thus, in the long-run, increasing renewable energy consumption can contribute to increase production in the agricultural sector. In the other hand, increasing agricultural value added can stimulate the production and consumption of renewable energy.
Our policy recommendations are the following: i) because of the strong causal relationship between agriculture and trade openness and between agriculture and CO 2 emissions, increasing international economic exchanges gives new opportunities to the agricultural sector to develop and to benefit from the technology transfer enabling this sector to use more energy efficient and/or renewable energy technologies. In addition, giving subsidies, as paying a proportion of the equipment for renewable energy production or giving a payment for each unit of renewable energy consumed, enables the agricultural sector to become more competitive in international markets while polluting less and contributing to combat global warming; ii) because of the causal relationship between agriculture and renewable energy, encouraging renewable energy use at the national level will certainly impacts agricultural production while becoming more environmentally friendly. 
